Release of dissolved nitrogen from water during depressurization by Simoneau, R. J.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19780009229 2020-03-22T06:29:25+00:00Z
yi
NASA TECHN ICAL NASA TM-73822
r	 MEMORANDUM
r
N
N
f
00
^	 3
E
^
d
to
Z
(NASA -TTI-"73822)	 RELEASE CF DISSOLVED N78-17172
NITROGEN FRCM WATER DURING EEIRESSURSZATIGN
(NASA)	 20 F EC 1,02-/MF A01	 C CL 07D
Dnclas
,3/25	 04475
RELEASE OF DISSOLVED NITROGEN FROM WATER
DURING DEPRESSURIZATION
by Re J. Simoneau
Lewis Research Center
Cleveland, Ohio 44135
TECHNICAL PAPER to be presented at the
Fourteenth Annual Meeting	 theof
Southeastern Seminar on Thermal, Sciences
Raleigh, North Carolina, April 6-7, 1975 i	 U,578	 .-
FF
i"— 	
s
 t
t
—	
+ 7
RELEASE OF UISSLIL.VE'D Nl'1'ROGFIN 11,1' 1 11 1 WAI'ER DURING UEPRESSUR17.A'I'1t1Nt\
R. J. tiinit'nt'alI
National Acionaut ics ,Intl tilt,lt't` At1111inist1at tail
Low is Kost';ll'i ll collt t't"
	
Clt'rt'l.md, llilit'	 Oil I')
A1)1 I' R.AC 1'
I:X1)t'l'Llllt`11L ; W01 - 0 l'Un to :;LUtI\' tlt`lt l't`:;Nl1Cl:'a( it'll t't W.Itt'I' 1'a11t.1inink, \'arIOUS
C0l1C0litl'.lti1 l llti kit	 t11:-;.;t)IVL'd Illl101't011 f,a: ; ,	 tht` I)IA111,11 - \' l',1Na ht'illy, I'aalll tt'lll-
I)t`t - ' itLll - t' l:.ltt'l	 N,ItIII L .Itt'tl \t'Itil Illl lai,t`11 :1I	 1 ?IP,1.	 I11 a N(,It 11' tlt'l)l_CSS1111L:1-
lit'll ON1 1 01'illlt'Ilt	 watt'l' with \'t'1\' high ilitl't)1',t'll Calltt'llt 	 lttlim-'ssurized It
Cats':; t Ct'lll 11.110 to l l , _ 11) MI'a por L—wCOI1tl ;Illtl I'llot a ,I aplil't1 with ll l> h .ht't't1
lilt) viC.;,	 '1'IIV 1)ICtUI- CS : ; ht'%%Vd tII.It
	
(llt' 1)llhl)lt' Ih 1 1)III.it It'll ' It	 .1 l;l\'t'll 1 1 I't :1SllCt'
IIICCtaNt'll StI'L l II IV \Atli LIC C I - " A S i 11 %, kit' 1 1 IVSSIICI.".,It loll 1'.It0.	 ill) 1 1 1es C.11'e y
a1111t`;11't'ti 1h'10 10 tilt' I)11':;:;lll-t' 	 IV,ICllt'tl	 P tl 12.	 I ow
	 X I l i '1'1111t`Ilt
	
\it,IV	 I l i' I'-
1	 lt'Cilled ill an aXl:;\'tllllk`tCl1' it'll\'t'I"%,IIl1,-tii\'t'I't,illf, no;-'Ic .111.1 ill ;i twa -f	 tlilllonsit'll:ll Ct'll\'t'I V,1110 Ilt'.':'It' Witll t,IaI	 tiilll'waIIs	 DO 1) IV.; S ill - i Z I t i 011
'	 tllt'ilt:; Wt't't' t't'tlPill\' 11, j ',111 1 t  1._: 111 1 ?il'a 1)t' l' Nt'it'lltl.	 1)	 11 1107:lc'N t`X -
I ' I	 1111)ltt_'tl choked l I v ht'lla\'lal -
 t'\'t`ll ,IL IliLCt'f,011 COnOt'lltvat it'll It`\'t'1s ;Is Iow
,IS .t I lk'I'Ct'nt t'1 :;,IL1traI.t'ti. 	 The 1 I ow I'atvs woo . ` liltlt`I`t`Iltlt'llt ill C011Ct'11t 1',1-
tlt'll IL'VC1 :111d COI II d I l k' C01111 1 LIL Oil IS llllal111 1 IVSSi11 10 W.1tt'I -
 I low based oil tht'
tliIIit rence hOLWL'011 : ; L:It,il.l(lall :?llti thl'a.lt 1)Ct':;:;IIVOS
	 Itll:t`\'t`1', tht` t11Vll.lt
I l l's'. tiSUFCS WO It` :;11,1'11111',111( I\' tli I IL'I—O It hl'ti%'t't'II thr 1 W Ili).*,.* t-,
NOMI-ACLA FURL
Lll	 tlischaiile Ct't`(IiCiont, tlillk'll:;ionIcr;s
t'N1	 Ili LIOk,t'll COUi011t1'.1Llt'll 111 tilt' W.itt'C I't'lt'l'a11CVd t 	 I ,Itillt'tilt ht're I)I"t': ; -
	
NllCa .Intl
	 `) l., CcIg
)
f L ow C;ltt', t,IClll_-St.°C
1'	 prL':i: LII't' , )11,1
1	 t 01111 1 0 I . It 111'0 , h
t	 t 1 11 , St'C
1'	 tlou-,iL\', t;/Clll3
; , Utllt' o 	 LIIi	 I11.1Lt'C1:II was 1)roviou	 v 1 1 ro o n tod 111 a re I l i , 1't	 t 	 tit,t,
Nlil la.IT Rt c..tl i. i tt t l'V Cltlilli11.1:; It'll, Na\'t`Illl / t'1"	 I'1 Ii
1
\	 MA\ I l IW^
A^ ,.nal I ' Nil """a, 
I i onn in 
I 
low experiments - int t i al poo I corij t I tons
to *•t at t, , dopivss " t i :at ion vxperimenu;
I h I oat •o"d i I t O"s
I 1c l u—	 •0"Jalo a st:J1 , 1 • quantits, ot gAne• dis s olved UnAel plensule.
Sol: JIM	 At C , 0^^ou	 .	 Ot 111,114'	 'ill 14 , 111 1 ccullcal
•lgnitic.n— ,	 .',,•	 •lgvuo\ Vote cooling walot in a plVqs " lt :•A watcl
toa•to t 	•oica undoi nitiogvn pivnnuio.	 Ming stolage the
uitlo;eit " K 1 -!W " K .	 .0 Ive in! o I he wit 0 1 And in t ime we can VXPV• 	 t ile'
I'M wAlvi to be 11115	 n "xawd with nitiogen at the stotagv mmi,vialuto
AnA	 I'll,,	 on lit technical t"totent (he" to what happens (c
the flit togen s houl d 	 -st vm he val led 1 0 A c t too' m il I he it I logo " I Kon
w i le, N j Ai t 	 while ilowi"g into the main Ilow loop to tkc
cot 1 , .
rublished " Ol"9111tv AAIA ill •Aow, lot lusinuc•, that I ;IA• ot watel At
I 001^1. 
I	
I At %it c AnA . 4 . ., .4 ? ,Wa i l l 4 , !-snl	 call ,	 A I 
it 
up 1 0 it. 0 , - "" lit	 lit( to
Y;Ou 1lk , A:- n I CA a I I " olt'. I inlipc I AI " I V and I a I Won ph 01 V .	 jot e` 	 At at mosphe i i
pivnnuiv I giam ot nai " iatcd walot contains onIv 0.01 A cc ol uittogvn.l
rhi. much "ttlogen could ptodi • o a void itaction ot W p oi ce nt Wing do
PlV>S"11:Atio" cc! tully sal"lated walvi Itom q.:q to 0.1 Mra kPOO to
I do I w. I v At	 N AS	 Lt . %, I:• • cA t • 0 111 0 1	 t till lit'
0 Ot	 1 0 gOn I' "buiv evolution and its VIlV • 	 on I to 	 Ant Ini,
I'l l is st nA\ In 1`O 1n,; "011dn"tVii In two WAYn.
	
' I and plossulo hinloll • IntolmAt to".	 Flint
, I\ '.1olillow l depivas " ll:ation IV•t wan conducted In
..11	 is	 viewing polls to obseivc the walvi dut Ing the
AAV I IOW Ol lit 
I 
log"11 !;.it MAI Od
o Mont whi 10 plvqsulv.
• oni A1 1.17;	 I Ili'	 pl('
O • Atem in which the nittogell
a oontiollvil late and obscive,l
a li gut e 1. 1e two 111a ol vomp,me"Is
I
3were a 30-liter high pressure storage vessel and a 5-liter high pressure
viewing vessel. The system could be operated up to 4.0 MPa. Nitrogen was
dissolved into the water, while in the storage tank, by bubbling nitrogen
gas through the vessel from the bottom under pressure. The flow was con-
trolled by a metering needle valve and the pressure controlled by a back-
pressure regulator. The flow rate was set at a level to assure a contin-
uous flow-through of gas. After some desired bubbling time the water con-
taining dissolved nitrogen was transferred to the viewing vessel using a
small pressure differential, on the order of 0.07 MPa or less. During the
transfer the water passed through a removable bottle of approximately
12 cc capacity. This allowed drawing a high pressure sample for nitrogen
content analysis.
Internally the viewing vessel was approximately 15 cm in diameter and
29 cm high. Tile measured volume, including the window penetrations, was
close to 5.0 liters. The viewing window was 6.5 cm in diameter and was
located approximately three-fourths of the distance from the bottom. The
pool was illuminated through a similar window in the top of the vessel.
The internal components are shown in figure 2. The wire mesh cylinder
was used to promote gas nucleation sites The probe to the far right was
a Chromel-Constantan thermocouple. The L-shaped probe was used to mark
liquid level. The pointed tip was located at the 90 percent full level.
The ladder shaped device was used for dimensional reference. The rungs
alternated in diameter, with tt?e top one being 0.25 mm and the next one
0.51 mm and so on down. They were spaced 0.50 cm apart.
Flow R.i g
'fhe flow rig was a modification of a facility used extensively for exper-
iments in two-phase choked flow of subcooled cryogens [2]. A schematic
of the essential features is shown in figure 3. The main flow setup con-
sisted of a 110-liter pressure vessel capable of pressures up to 10 MPa;
an oritice flowmeter; the test section; a back pressure control valve; and
a weigh tank. Nitrogen gas was bubbled in through the bottom of the tank
and controlled with a back pressure regulator. During flow nitrogen gas
pressure was maintained on the top of the vessel from a high pressure
bottle farm. Because the main tank was small, a 375-liter storage vessel,
in which additional water could be saturated with nitrogen gas, was added
to the system.
The test sections used in the present experiment are shown in figures 4
and 5. Figure 4 shows a conical axisymmetric converging-diverging nozzle
used extensively in the cryogenic experiments [2]. Nine of the 15 pres-
sure taps were used in the present experiment. The throat region had a
,:onbtant area section which was 3.2 diameters long. Figure 5 shows a
visual test section which was designed for use in this experiment. It was
made by taking a conventional commercial high pressure sight gage and re-
placing the centerhody with the one illustrated in figure 5. In addition
to its visual characteristics the essential features of this test section
were the lir.e:r converging pressure gradient and the abrupt area change
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5per second. This thret' oldot of magnitude gloater rats' is more ill line
with the rats' one alight expect ill 	 t ypical emergency cure cooling system
(ECCS) of a press.lrized water reactor (PWh). 'Typically, the ECCS water,
presumably saturated with nitrogen, discharges through ,shout 8 meters of
_1 enl pipe betere joining the large 'h Col di;lnleter cold le t; pipe.	 A rough
estinulte of the illaxi lilt un depressurization rate ill 	 pipe is 7.0 ,,1O 3 MPa
per se.•ond.
We can see that we should look more to the flow data to make it realistic
interpretation of the nitrogen release phenomena, Oil the other hand, be-
CatL`;e of the Vel"V tihel - t tithe scale, it w:ls VVIN di1 t iCillt to Obtain de-
tailed mechallislll inloination tiom the flow tests. 	 The static depressuri-	 r
tt ioll tests W le ilseftll ill kltlal it,lt iVely eValllat illg the Variables.
Static DV_pressuri:ation_l:esults
The static depressuriz.ltion tests reported herein were all conducted with
distilled water at room temperature (approximately 22 o t.) avd all initiai
steel pressure 01 1.86 ?spa.	 A parametri, .bray of gar: bubbling times (i.e.,
gas concentiations) and depressurization rates were exalilill0d. The depres-
surizatioll rates were Nonlinear (nearly exponent i;ll) and are reported
herein as the time it Leek the F y stelll to depressilriZe' to P ct/ 3.	 (The av-
erage I"ate ill this process is ,Ipl'.oXilll.Itel y - -,Pct /3t.)	 This tittle to	 Pct/3
rallgetl Iro'il 5 to 30 secollds ill these tests.	 Nitro,;ell gas was 1ltlbbled
through the water prior to depre:;suiilation for six different periods
ranging t root 1 to 28 days.
It was cleat' trom the gas content Ilkaslll'elllellts that it was clot necessary
to bubble the nitrogen through the water for such lone; periods to achieve
high Concentration Values. Bubbling times of 3 to t, days seemed more than
adequate to bring the water to vety .large, dear-saturated gas content
leve ls.
On the other hand, as one might t'xpect, them' was a general trend of irl-
^ ' Ie:lsed gas content with ink , ieased bubbling tin ge.	 Nor examplt, atte1,
121
 days bubbling the nitrogen content was measured to be 0.5, cc/gm and
.it 28 days it was 0.(11 cc/gm.	 Untolttlnately, the data st-atter in the bas
collCent.Uatioil tile asu rellic lit s was Comparable to Lllis . pel'Cellt trelld.
	 Since
the measurement, for both bubbling times were at or above the publistled
^.ltllratioll valtie of 11.57 Lc/gni, it w,ls left Chat the 28 da y Soak repre-
" rated a full\- saturated pool of w.lter.
Ili addition Lo the nitrogen ColltenL, file Val'iable o1 Illaill interest i s
 the
late of depressmi:ation . , I the pool of Eater which has been saturated
t,ith nitrogen gas. As explained above: this was expressed ill 	 of the
(idle t	 depressurize to P 0 /3.	 Ill Ilgures h and	 single frallles from the
del) Ik
	 nation movies are arranged in ;bra y s to show the intluence of
izat ion t imes on bubo le populat toil.
	 F igt.11"e b shows the results
tompetattlre water saturaLed with nitrogen at 0.01 cc/gn (28 day
bubbling tine.) which was depressurized trom an initial pressure of
r
t.
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Con ce p t r
".	 AND CON'CLUS I ONS
.."'rir.tent ll.W ,anents:	 a	 stat ic 	 .iepressurWation exper-
nd a I Io .1 C	 ,:	 1..	 0n:	 , XpOl ln:e • nt .	 in	 the	 st.it .:
111'1. - atioll	 'l tell WAS	 dissoll'e.I	 into	 water	 by	 i,ubblint:
t t: ;e,	 ;.S , 	 ".l ' ,1,	 „`t	 a	 period	 of	 trom	 1	 to
,.1:-
	 . g len	 ,iepressui	 ed	 at	 rates	 ranging
c	 transient was recorded using high
. tr	 -	 I. , 1, lts	 the	 later	 containing dissolved
It t	 l.a•,	 ..	 ,.. no:.' les.	 Flow rates, pressure prot i lex
Pressure	 changes were	 in	 t`1; order	 of
i three	 orders	 41e`ate r
	
than
	 the static
ii potential	 application	 ., t	 the	 results.
relatively
 slow transient
Start inn t rom tno same
ii 41	 :1 A	 Anv	 given pressure
t	 llt	 t: I	 .`ilt	 the	 lower	 the
.l	 a1 ate	 etlect
Le,	 1.50
.•	 .'tit
I1
bubbles were rout inely present at P/P et = 0. 30. Although tike concentra-
tion IlleaSllremonts d i d shot: fairly short times to near saLuration, it was
possible to continue te r add small quantities of dissolved gas to the water
by bubbling over long pe tiods, if the nitrogen concentration was Slightly
belch.' saturation, the initial bubble evolution pressure was substantially
lower-.
The static tests als o Fielded souk' detail oil bubble size. 	 Ill general the
Illatlll"e nitrogen bubbles are quite small, oil the order of 0.1 to 1.0 nil in
diameter with the mayor population more towards 0.25 to 0.50 nlm. Bubbles,
formed early in the transient could grow to 2 to 3 null. Ba bbles tended to
reamin distinct and did not easily coale::ce, even when the bubble density
was ver y high.
The flow 
sa
 of nitrogen saturated water can be clearly shown to choke. In
tact, it is not even lleeesr y for the water to be saturated. Choking
appeared to occur with coticentration-, as low as 4 percent of saturation.
1t was possible to var y the back pressure in the nozzle a factor of 10 and
not affect the flow rate or pressure profile upstream of the throat.	 III
the converging-diverging nozzle the throat pressure was very low, less
than l atwosphere. A side result of this was that it was possible to com-
pute the flow rate a„unling all water flaw through a nozzle with JP - Po.
In another Nozzle, however, the re.sUlLS were somewhat different. Tile noz-
zle was a converging Nozzle with all abrupt area change at the "throat,"
and had glass sidewalls for visual capability. AS above, with the water
saturated, tlo gas appeared betore the throat of the nozzle and a signifi-
cant volume of gas appeared downstream in the sudden expansion region.
The throat pressure was much higher, about 0,65 MPa. With a nitrogen con-
centration of only 0.02 cclg the same flow rate and pressure profile
occurred, except that the region downstream of the throat had only a small
amount tit gas. The throat pressure was slightly different at 0.53 `lYa.
In both cases, however, this nozzle also acted choked and the flow rate
could be computed cal the basis of ^P = P e, - Pt.
Although the tlow rates could he computed directly from the .2 , the
throat pressure could not be predicted from some obvious trend in the data.
Consequentl y the Clow rates could not be predicted.
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figure 7. -Influence of depressurization rate on bubble population at various
pressure levels.
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Figure 9. - H 20/N 2 maximum flow rates. Conical axisymmetric converging-diverging nozzle.i
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Fiqure 10. - H 2OIN2
 choked flow. Linear two-dimensional visual comerginq nozzle.
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Fi g ure 11. - Flow of ,later Containing dissolved nitrogen through a converging nozzle.
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